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Why do we care about the atmosphere?



  

Our calorimeter
also the medium through which produced photons propagate



  

B. Keilhauer

Fluorescence

Photon yield very sensitive to
humidity, density, temperature

Cherenkov

Yield & shower image
primarily sensitive to 

clouds & aerosols
(haze, dust, smoke)



  

Atmospheric calibration critical for EAS observatories



  

Why do we need to monitor the atmosphere?



  

Why do we need to monitor the atmosphere?



  

Biomass burning                            Dust storms



  

Nolan+ 2011

High-altitude aerosols occur near shower maximum
Affect EAS shape & Cherenkov yield



  

Nolan+ 2011

Low-altitude aerosols occur near ground
Reduce Cherenkov yield

Lower EAS trigger rates (up to 50%)
Fainter camera images → some low-E showers too faint to trigger
Biased effective area
Worsened energy resolution



  

Simulation
Uncorrected spectrum
Additional bias on Γ? 
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How can we deal with 
atmospheric uncertainties?



  

“Correcting” IACT data 
(current technique)

1. Throw away data that doesn't 
pass atmosphere quality cuts; 
accept ~20% systematic errors

G. Vasileiadis



  

Correcting IACT data 
w/ atmospheric monitoring

G. Vasileiadis



  

Monitoring techniques

radiosonde balloons
weather stations

cloud/IR cameras
LIDARs
satellites



  

Correcting IACT data 
w/ LIDAR monitoring

1. Measure vertical density
(optical depth)

profile of atmosphere/calorimeter
for each observation run

2. Extract extinction coefficient α 

3. Compute MC simulations for 
different α to create templates

4. Match each run with an 
atmospheric template

5. Enjoy improved systematics &
increased duty cycle (via

smart scheduling)

G. Vasileiadis



  

Montpellier LIDAR on H.E.S.S. Site

installed in 2009
dual wavelength: 532 nm / 355 nm

850 m from Cherenkov telescopes in dedicated hut
inhibit mode: operated in between telescope observations

fast & efficient: atmospheric profile in < 90 s

H.E.S.S. 2012



  

Sample LIDAR profiles: aerosols present vs. clear night



  

LIDAR validation via correlation with
Cherenkov transparency coefficient = f(trigger rate, ...)



  

~April 2013 mounting conversion

reduced altitude threshold
1.5 km → 0.6 km

bi-axial co-axial

G. Vasileiadis



  

Raman (non-elastic) LIDAR
under development

in collaboration with IFAE/Barcelona
for CTA

dynamic range increases
1:600 → 1:106

increased stability
G. Vasileiadis



  

Complementary monitoring via satellite?

Low spatial resolution, 
some difficulty <= 2 km altitude,

but:
consistent monitoring,

large database,
good sensitivity to clouds & aerosols,

free



  

Not just IACTs, Auger, also JEM-EUSO
its own suite of atmospheric monitoring instruments



  

R&D in previous generation of instruments → 

Validation/integration in current generation of instruements →

Standard calibration in next generation of instruments 

Expertise coming together for CTA (& JEM-EUSO)
namely from Auger, H.E.S.S., & MAGIC

French participation (LUPM & LPSC) quite modest
but very active & visible internationally



  

Typical systematics breakdown for current-generation IACTs



  

Increased exposure
Increased sensitivity
Increased statistics

→ Systematics dominated



  

AtmoHEAD
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AtmoHEAD Visibility

Widely announced in community

CTA, Pierre Auger, H.E.S.S., MAGIC, 
VERITAS, Telescope Array, HAWC, 
JEM-EUSO, JEM-Balloon, LSST

Web presence

https://indico.in2p3.fr/event/AtmoHEAD

Poster & logo:

CEA/IRFU graphic design intern & OC

https://indico.in2p3.fr/event/AtmoHEAD


  

AtmoHEAD         Diversity

50
participants

13
countries

8
international 

collaborations

Bachelor student
Master students
Ph.D. students

post-docs
tenured researchers



  

AtmoHEAD Posterity:
Presentations archived



  

AtmoHEAD Thematic organization

Track 1: Monitoring facilities in operation 

Track 2: Simulations, modeling, & reconstruction 

Track 3: Monitoring facilities under development 

Track 4: Aerosols & interdisciplinary studies

Special Seminar 

Interdisciplinary keynote 

Poster contributions 



  

AtmoHEAD Posterity:
Proceedings arXived

… 

18 proceedings published
provide excellent snapshot of state of the field in 2013



  

AtmoHEAD Workshop series

Thematic successor to:

AA 2003 Paris
ATMON 2008 Prague
ATMON 2010 Madison

Rebooted workshop series started:

AtmoHEAD 2013 Saclay
AtmoHEAD 2014 Padova
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LUPM LIDAR

G. Vasileiadis


